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摘 要 
随着全球能源危机加深和日趋严峻的环境污染，传统汽车面临重重障碍，汽
车的发展不得不寻求新的方向。轮毂驱动电动汽车凭借其电能来源广泛、结构简
单、传动效率高及各驱动轮能独立控制等优点而备受关注。 
然而，由于轮毂驱动电动汽车去掉了传统内燃机汽车具备的机械差速器，在
具备结构简单、更多控制自由度等优点的同时，随之也产生了汽车转向行驶时驱
动轮之间协调控制的问题―电子差速问题。因此，为保证整车操纵稳定性和安全
性，避免车辆在转向行驶时因车轮滑转或滑移导致整车失控，必须采用电子差速
控制系统对各驱动轮进行协调控制。 
本课题根据上述背景，针对前轮转向、两后轮分别采用轮毂电机独立驱动的
电动汽车，结合 Ackerman 转向模型，根据车辆行驶速度和转向角计算得到两驱
动轮各自目标转速，从而得到其差速关系。采用以 PID 控制器为模型的 PID 神
经元网络调节电机转速控制信号 PWM 的输出，并通过检测各驱动轮电机霍尔信
号得到驱动轮实际转速。将各驱动轮实际转速和其目标转速的偏差作为 PID 神
经元网络的输入，实现驱动轮转速的闭环控制，使驱动轮实际转速跟随目标转速。
从而实现车辆转向行驶时两驱动轮的差速协调控制，保证整车行驶稳定性。 
本文首先介绍了电动汽车的发展趋势以及轮毂驱动电动汽车电子差速控制
系统研究现状。通过比较不同电子差速控制方案的特点，结合本文所研究车辆传
动结构，确立了对两后驱动轮采用基于 Ackerman 转向模型的转速控制电子差速
策略。采用 M3 内核芯片 STM32F103RBT6 作为系统微处理器，设计了 MCU 最
小系统、霍尔信号隔离整形模块、CAN 通信模块以及电源模块，完成电子差速
控制硬件平台的搭建。系统软件开发环境选用美国 Keil Software 公司出品的 Keil 
uVision5，采用模块化思想对各功能模块进行软件设计。最后设计 PCB 原理图，
完成硬件电路制作，并在此基础上对电子差速控制系统进行可行性与稳定性测试。 
 
关键字：电子差速；Ackerman 转向模型；转速控制 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract 
II 
 
Abstract 
As the global energy crisis deepened and increasingly severe environmental 
pollution, the traditional car is facing obstacles, and the development of the car had to 
seek new directions. Wheel drive electric car, with its power source widely, simple 
structure, high transmission efficiency and the drive wheels can control independently, 
has attracted much attention. 
However, due to the wheel drive electric vehicles to remove the traditional 
internal combustion engine with the mechanical differential, with a simple structure, 
more freedom of control and other advantages, but also produced a car steering wheel 
driving wheel between the coordination of control issues - Electronic differential 
problem. Therefore, in order to ensure the stability and safety of the vehicle handling, 
to avoid the vehicle in the steering wheel due to the wheel slip or slip caused the 
vehicle out of control, must use the electronic differential control system to coordinate 
the control wheel. 
According to the above background, the front wheel turns and the rear wheels are 
used as the platform of the wheel motor drive, and the Ackerman steering model is 
used to calculate the speed of the two drive wheels according to the vehicle speed and 
steering angle. The output of the motor speed control signal PWM is adjusted by the 
PID neural network with PID controller as the model, and the actual speed of the 
drive wheel is obtained by detecting the Hall motor signal of each drive wheel. The 
actual rotation speed of each drive wheel and its target speed is taken as the input of 
the PID neural network to realize the closed-loop control of the driving wheel speed, 
so that the actual speed of the drive wheel follows the target speed. So as to achieve 
the vehicle steering when driving the two drive wheel differential coordination control 
to ensure vehicle stability. 
This paper first introduces the development trend of electric vehicle and the 
research status of electronic differential control system of wheel drive electric vehicle. 
By comparing the characteristics of different electronic differential control schemes, 
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combined with the vehicle transmission structure studied in this paper, it is 
determined that the speed control electronic differential strategy based on Ackerman 
steering model is adopted for the two rear drive wheels. The MCU core chip 
STM32F103RBT6 is used as the system microprocessor, and the MCU minimum 
system, Hall signal isolation and shaping module, CAN communication module and 
power module are designed to complete the electronic differential control hardware 
platform. System software development environment selected by the United States 
Keil Software Corporation Keil uVision5, the use of modular thinking on the 
functional modules of the software design. Finally, the PCB schematic is designed and 
the hardware circuit is finished. On this basis, the feasibility and stability test of the 
electronic differential control system are carried out. 
 
Key words: Electronic Differential; Ackerman Steering Model; Speed Control 
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